Abstract-Collecting information about faults, state of surrounding environment and equipment is crucial in systems that could jeopardize human lives, such as trains. Normally, data are obtained via analog sensors which do not have any interface to allow their integration with software systems. Additionally, acquisition and transport of sensor data could suffer interferences in the train's environment due to electromagnetic noise from various sources. Taking into account these problems, this paper presents an architecture for data acquisition of analog data from a train's environment, drawn to perform data acquisition with various noise sources. Data are processed by Smart Sensors that guarantee not only the noise filtering but also a safe collection of data. Data collection requires a communication protocol that allows data transport under the influence of noise. This paper includes state of the art analysis in data communication in physically demanding environments in order to ensure an acceptable performance, considering criteria like mobility, upfront costs and flexibility.
This paper presents an architecture for data acquisition for analog data that seeks to streamline data acquisition on a train, taking advantage of new technologies for sensor nodes, new communication technologies that enable more secure and reliable data transmission, and new service-oriented computing paradigms.
The proposed architecture allows data acquisition at the level of the sensor nodes, which is more resistant to noise and distortion, an important requirement for an environment where noise sources are predominant, and also allows data transmission through wireless technologies, which increases the scalability and modularity of the system.
II. STATE OF ART
This section is intended to deepen some important concepts introduced earlier in this paper: Wireless Sensor Networks, Smart Sensors and Web services.
A. Wireless Sensor Networks
Wireless Sensor Networks (WSN), also known as Wireless Sensor and Actuator Networks, are networks of objects capable of simple sensing, actuation, communication and computation being the performance of this kind of networks maximized through the cooperation between all the objects [1] .
Objects that make up a WSN are denoted as nodes and the data they acquire is forwarded to a sink (also known as controller or monitor) that can use it locally or can be connected to other networks through a gateway [4 -6] .
The WSNs can be classified by the number of sinks and the number of hops located between the various nodes and sinks.
A single sink and single hop WSN allows direct transmission of data from nodes to sinks, which allows a reduced latency in data transmission, however, this type of network is not scalable, that is, with the increase of the number of nodes, the amount of data received by the sink increases. In case the sink capacity is reached, the network size cannot be increased [7] .
In the case of the single sink and multi-hop network, data goes through several hops, which means that the number of transmissions required will be equal to the number of hops in the network. This causes the network to have less node capacity than in the case of the single sink and single hop WSN [7] .
In the multi-sink and multi-hop scenario, the network can be scalable and reduces the possibility that groups of nodes cannot transmit data due to poor signal propagation conditions. In this type of WSN, the sinks can be connected by a separate network (wired or wireless) or disconnected [7] .
The WSN model with connected sinks is the most common and most interesting solution because it guarantees better performance.
B. Smart Sensors
The basic principle behind a Smart Sensor is that the sensor complexities must be concealed internally and must be transparent to the host system. Smart Sensors are designed to present a simple face to the host structure via a digital interface, so that complexity is supported by the sensor and not by the central signal processing system [8] .
Among the basic elements of a WSN (nodes, sinks and gateways) the sensor nodes are the least complex since the functionalities they need to provide are less complex than those of the sinks, gateways and actuator nodes. Sensor nodes are the simplest elements of a WSN and usually the most numerous, so the cost of each of these elements must remain as low as possible [7] .
In addition, each device must have an autonomous power supply that allows the operation of these devices for long periods of time, making energy efficiency an issue to be taken into account in the analysis of a WSN.
Taking into account the concept of Smart Sensor [8] , [9] , it is possible to identify some of its main modules: o Sensor, which will communicate with the surrounding environment;
o Interface circuit, which will perform operations such as noise attenuation;
o Power supply;
o Signal processing through a digital signal processor (DSP) with an associated Microcontroller Unit (MCU).
In general, a Smart Sensor will have all these modules. The power will depend on the platforms used for DSP and interface circuit.
Signal processing module and interface circuit will be the modules of Smart Sensor that require a more in-depth study in its design. Therefore, following points are intended to specify each of these modules.
1) Signal processing
A programmable DSP is a microcomputer designed for extensive arithmetic computation and digital signal processing functions through downloadable or resident software / firmware [10] .
The DSP alone, that is, without an embedded MCU, is not best suited for use on a sensor interface for four reasons [9] o DSPs are rarely available in very low pin counts, which is an important requirement for sensor processing since these applications tend to be space-constrained and cost-sensitive.
The DSP, in the context of a sensor node, will have two main functions: digital information processing and digital communication processing [8] .
A memory together with the DSP is also included to store temporary data or during processing [7] .
Digital signal processing can be performed from programs such as Matlab, however, this program does not allow the development of software for implementation of digital signal processing based on real-programmable systems (PS) [11] .
Often, the implementation of digital signal processing is based on real-PS C / C ++ and Assembler programming languages, which have a higher popularity than Matlab [12] .
In this way, platforms that allow using C / C ++ and Assembler languages must be analyzed. Table 1 An analysis of this table allow to draw some conclusions about the various platforms. The Raspberry Pi has a smaller consumption, however, it does not have any analog pin, only General Purpose Input Output (GPIO) pins that provide a current of 3 mA, unlike the Arduino that, besides having analog pins, its digital I / O pins provide a current of 40 mA [14] .
The fact that pins provide more current makes it possible to feed more circuits without having to resort to additional circuits, hence the importance of this parameter.
On the other hand, sometimes it is necessary to use many analog signal inputs, a need that neither Arduino nor Raspberry Pi can satisfy completely, only the UDOO board satisfies. The UDOO board has the advantage of supporting Arduino programming language, which makes it possible to implement Arduino projects on this board.
2) Interface circuit
The interface circuit will have two main purposes, in the context of this paper: to attenuate the noise coming from sensors and to reduce input signal voltage to the operating voltage of digital signal processors.
For this purposes, a possible solution will be the SchmittTrigger circuit model. Considering the Schmitt Trigger inversion model with op-amps, this circuit functions as a comparator that switches its output negative when the input signal exceeds a given positive reference voltage and changes its output positive when the input signal is below a certain negative reference voltage [15] .
This circuit utilizes a positive feedback of a negative signal to keep the output connected to the negative supply voltage until the input signal is below the lower voltage threshold, further allowing the output to stabilize and withstand any impulsive noise variations that may arise [15] .
In addition to the model with op-amps, there is another variant of the Schmitt Trigger circuit with bipolar junction transistors.
Although the op-amp model can occupy a larger area and consume more power, it has a higher slew rate and, due to the high voltage gain of the op-amp, the values of the threshold levels are predominantly dependent on the feedback resistor values [16] . 
The resistor R123 represents the parallel of resistors R1, R2, R3.
3) Communication protocols
Defined the structure of Smart Sensors, it is also necessary to define the protocol to be used for sensor data transmission.
For this work, five protocols were analyzed: GSM (GPRS), Wi-Fi, Ethernet, 3G and 4G. The following tables present some characteristics of the various protocols: An analysis of the previous tables allows to draw some conclusions about the various protocols. Ethernet has the best signal transmission rate and between the five protocols will be the best in terms of data reliability, however, it has low mobility, which makes its assembly less flexible. Of the others, the GSM has a lower transmission rate but has a higher signal strength, which makes the detection of the sent signals easier, and a higher range.
As can be seen in Table 2 and 3, GSM consumes more power due to its high range, which makes it energetically more costly. 3G and 4G have a range similar to that of GSM with the difference that they have higher transmission rates. 4G is energetically more expensive than GSM and 3G.
Although the Wi-Fi protocol is more susceptible to noise and has a low range, it has the best compromise between cost, mobility and efficiency.
C. Web Services
A Web service is a platform-independent, loosely coupled, self-contained, and programmable Web-enabled application that can be described, published, discovered, coordinated, and configured using XML (eXtensible Markup Language) artifacts to develop distributed interoperable applications. Web services have the ability to incorporate other services into a common computing in order to: complete a specific task, conduct a business transaction or solve a complex problem [19] .
In addition to this, Web services reveal their characteristics programmatically over the Internet using standard Internet languages (XML-based) and standard protocols and can be implemented through a self-descriptive interface based on open Internet standards.
Web services can be classified into two categories, taking into account the architectural style used in the implementation technology: web services based on RESTful or SOAP. SOAP (Simple Object Access Protocol) is an object-oriented technology that defines a standard protocol used to exchange messages based on XML. It is defined as a protocol specification for exchange of structured information in the implementation of web services in computer networks. The specification defines an XML-based envelope for message exchange, and the protocol defines the rules for converting specific data forms from a platform into XML representations [20] .
REST (Representational State Transfer), is a resourceoriented technology and architectural style that consists of a set of criteria that define how to use web standards such as HTTP and URIs. Web services in RESTful are implemented with web standards (HTTP, XML and URI) and REST principles that include addressability, uniformity, connectivity and stateless [20] .
III. PROPOSED SOLUTION
In this section a solution for data acquisition in a train is presented taking into account homologous solutions presented in the analysis of the state of art and the context in which this system will be applied.
In the proposed system, there are several sensor nodes distributed by the various train carriages that receive data from the analog sensors on the train. Each sensor node sends the sensor data to a web service, thus functioning as a client of the same web service. The web service will be consumed by each sensor node located on the train.
A. Data Acquisition System Architecture
The proposed architecture will be an architecture for data acquisition for analog data under train's environment that takes into account the analog sensors distributed by the various carriages, the sensor nodes that receive data from the analog sensors, the sink that receives data coming from the various sensor nodes located in a carriage and the gateways that collect data from the sinks.
Signals from analog sensors are converted into digital signals via an "interface circuit". This circuit will be responsible not only for the conversion of signal from analog to digital but also for the reduction of noise and amplitude of the input signal. The data, after being converted and processed in the sensor nodes, are sent to the sink through a web service and stored in a database.
The interface circuit plays an important role in the integration of the analogue sensors in the train's monitoring system since in addition to converting the analogue data to digital, in order to be read by the sensor nodes, it attenuates the noise present in the signal, allowing a more reliable data collection.
B. Interface circuit
As discussed above, this circuit will be responsible for noise attenuation, reduce the amplitude of the input signal to the operating voltage of the sensor node and for converting the signal from analog to digital.
The reduction of the amplitude of the input signal can be performed by a voltage divider circuit. The voltage divider is a circuit that produces an output voltage that is a fraction of its input voltage and is shown in the following figure: The relationship between the input and output voltages is the following:
The amplitude of the input signal is reduced, however, there may still be noise from the analog sensors that has to be attenuated. For this purpose, the circuit of the Schmitt Trigger is a solution since from two voltage levels, an upper level that leads its output to saturate to reference voltage and a lower one that leads the output to saturate to ground, it is possible to create a digitized wave by simply dimensioning the circuit's resistances.
In this way, it not only attenuates the effect of noise but also digitizes the signal, another desired objective.
The idealized circuit is shown in the following figure: The op-amps used in the circuit of figure 3 correspond to the model LT6232. This model was chosen, mainly, due to its very low noise, a characteristic of interest to the system presented in this paper.
In order to verify the performance of the circuit in terms of noise, it was verified the waveform of the output referred noise. The following figure illustrate this waveform: The waveform, which represent the evolution of the power spectral density (PSD) of the noise with increasing frequency, show an increase from a frequency of 1 MHz.
1) Example
Considering as input signal of the circuit a square wave with an amplitude between 0 and 72 V, period of 6 ms (frequency of 116.67 Hz) and duty cycle of, approximately, 33%. It is intended to reduce the signal amplitude of values between 0 and 72 V to values between 0 and 5 V.
In this way, the output signal of the voltage divider circuit must be 0 V when there is 0 V at the input and 5 V when there is 72 V at the input.
For an input signal at 0 V, by (2) it is possible to verify that Vout will be equal to 0 V independently of the values of resistors Rd1 and Rd2, present in figure 3.
For when Vin equals 72 V, it will be necessary to dimension the resistors so that Vout is equal to 5 V. Thus, assigning the value of 1 KΩ to the resistance Rd2 and using equation (2) 
The dimensioning done is shown in figure 3 . Note that the Schmitt Trigger circuit at its output has the voltage levels inverted.
To invert again, it is enough only to add a comparator with the Schmitt Trigger output signal to enter into its negative input and ground into its positive input, as represented in figure 3 .
In order to test the circuit in terms of noise removal, a sinusoidal wave of 5 V amplitude and frequency of 1 KHz was added to the original signal.
The results obtained were as follows: 
C. Sensor node
The sensor node has the functions of receiving the data of the analog sensors and processing them in order to be sent to a sink.
The sensor node sends to the sink not only the value of the digital signal coming from a particular sensor but also information about the time at which this value was recorded and identifications of the sensor, node and carriage from which this value appeared. Each carriage on the train has a sensor node that is connected to all sensors located in that carriage and consumes a web service through a sink so that this data are subsequently stored in a database.
For this paper, one interesting solution will be the UDOO board due to its high number of digital inputs that allow to connect to all the sensors existing in a carriage. However, a solution involving only one board per carriage makes the system more vulnerable, so a solution involving multiple Arduino boards may be taken into account.
For communication with the sink, it will be necessary to define a communication protocol to use.
Of the protocols present in the state of art analysis, Ethernet will not be the best option since it has low mobility and affects the scalability of the system; GSM (GPRS), despite having a superior signal power, which is positive in environments with noise, and a higher range, it has the disadvantage of having a low rate of data transmission and high energetic costs. 3G and 4G also have high energy consumption, however, when compared to GSM, have higher rates of data transmission. Wi-Fi has high mobility and low power consumption, however, it has a low signal strength which makes the transmission more vulnerable to noise.
D. Web service and Database
The web service has the function to receive data from the sensor nodes located in the train carriages and store them in a database. The web service is published through a sink and will be consumed by the various sensor nodes that periodically send messages about the signals sent by the analog sensors. The messages sent by the sensor nodes have properly processed information about the signals sent by the analog sensors, so the only task that the web service will have after receiving the messages will be to save the information in a database.
The database will have the data definition and query language of SQL. In this way, there are several entities represented by tables that have relations between them according to the project that is intended to develop. In the context of this paper, the created entities were:
o Board, represents all sensor nodes in the train. It is called a "Board" since each sensor node will be characterized by a data acquisition board;
o Sensor, represents all the sensors located in the train;
o Type, represents all the physical quantities that can be measured by the sensors;
o Unit, represents the units of measure.
o Measure, represents all the measurements made by the sensors.
IV. CONCLUSIONS
This paper presents an architecture for data acquisition for analog data under train's environment that seeks to efficiently collect data from a train using Smart Sensors and web services for this purpose.
The fact that each sensor node transmits data through the consumption of a web service makes the system more scalable since it is the responsibility of each sensor node to send its data to the web service, thus, the web service will have the only function to receive the data of sensor nodes and record them in a database.
The fact that each analog sensor is associated with an interface circuit allows for more efficient data collection in an environment subject to various sources of noise. This task will be important since errors in reading the values sent by the analog sensors can be harmful in a system such as a train that requires almost constant monitoring of its state.
The use of wireless communication protocols and data acquisition boards increases the modularity of the system since to add a new sensor node only need to connect it to the analog sensors located in the carriage where it is located. This makes the system less expensive and adaptable to different types of sensors.
